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FOREWORD
This report summarizes a growing-degree-unit study prepared under the 
direction of the North Central Regional Technical Committee NC-94, "The 
Climatic Resources of the North Central Region.” Representatives of each 
state, except Alaska, contributed data for the date-of-planting and safe-from- 
frost maps. Growing-degree-unit data for participating states were con­
tributed for the stations listed in the Appendix. The procedure used in 
analyzing and presenting the data was determined by all members of the 
committee. Robert H. Shaw, Professor of Agricultural Climatology at Iowa 
State University, prepared the narrative.
S. H. Wittwer
Administrative Advisor, NC-94
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SUMMARY
Growing-degree units were calculated for the 
North Central Region by using the so-called Na­
tional Weather Service Method. This adjusts for 
maximum temperatures above 86°F and for 
minimum temperatures below 50°F. Growing- 
degree units were calculated for five different 
periods: 14 days before the average planting date to 
the average fall safe-from-frost date, 7 days before 
the average planting date to the average fall safe- 
from-frost date, the average planting date to the
average fall safe-from-frost date, 7 days after the 
average planting date to the average fall safe-from- 
frost date, and 14 days after the average planting 
date to the average fall safe-from-frost date. Maps 
are shown giving the average growing-degree units 
for each of these periods. Also included are data for 
computing the number of growing-degree units 
that will be received with 10 different probability 
levels.
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Growing-Degree Units for Corn 
in the North Central Region
by R. H. Shaw1
Various systems may be used to classify corn 
hybrids as to their life cycle; i.e., time from plant­
ing to maturity. The time-honored system of label­
ing life-cycle length by the number of calendar 
days between planting and grain maturity is not 
an accurate system. A hybrid planted over a 
diverse geographical area will show a wide range 
in the number of days to maturity within the same 
season. Large differences also will occur among 
seasons. Even when planted at the same location in 
the same season, the days to maturity will vary 
with the planting date, the number of days usually 
becoming fewer with later planting.
A number of "heat-unit” systems have been pro­
posed as alternatives to measure the length of the 
life cycle. These are not really heat-unit systems, 
however, but are temperature-unit systems 
because they are calculated in temperature units, 
not heat units. For this report, we will use growing- 
degree units (GDU) because the units are used to 
represent the relation between temperature and 
rate of growth and development of the corn plant. 
Although no simple growing-degree unit can exact­
ly define the life-cycle requirements of a crop varie­
ty under a wide range of weather conditions, the 
variation around the mean value will be con­
siderably less than for a calendar-day system 
(Brown, 1963; Aspiazu and Shaw, 1972). Growing- 
degree units have been calculated in the past by 
several different procedures, such as exponential, 
physiological, and remainder. Discussions of dif­
ferent indexes are found in Livingston and Liv­
ingston (1913), Livingston (1916), Brown (1963, 
1969), Gilmore and Rogers (1958), and Aspiazu and 
Shaw (1972).
Representatives of the corn-seed industry met 
in Ames, Iowa, in February 1970 to discuss com­
mon procedures for evaluating maturity and the 
GDU requirements for life cycles of their varieties. 
The "black layer” procedure was accepted as a 
criterion for maturity (Daynard and Duncan, 1969), 
and the system of growing-degree units accepted as 
a standard was that proposed by the Environmen­
tal Data Service (EDS) of the National Oceanic and 
Atmospheric Administration (NOAA), Washington, 
D.C. This system is adapted from the method pro­
posed by Gilmore and Rogers (1958) and will be 
discussed later.
ERRORS IN GROWING-DEGREE UNITS
Growing-degree units are a simplified approach
1 Professor of Agricultural Climatology, Agronomy Department, 
Iowa State University, Ames, Iowa.
to a complex relationship. Other factors not in­
cluded in a simple temperature relationship may 
affect the development of the plant. Including these 
factors, however, negates one of the principal ad­
vantages of growing-degree units; i.e., the simplici­
ty. In using these units, one should not expect con­
stant values. Some variation should be expected 
because of the simplicity of the relation used.
Several factors cause errors in calculating 
growing-degree units. One of the most serious er­
rors results from the time of observation if max­
imum-minimum thermometers are used to record 
temperature. Mitchell (1958) showed errors of less 
than 0.5?F to more than 3°F in the mean tem­
perature obtained from using maximum and 
minimum values, compared with that obtained 
from using hourly temperature data. These errors 
will affect the growing-degree unit values. 
O b s e r v a t i o n s  from m a x im u m - m in im u m  
thermometers are commonly taken near 8 a.m. or 
near 6 p.m. During the summer, the minimum tem­
perature normally occurs before the 8 a.m. observa­
tion. An example will show the error that can re­
sult. Suppose, on a particular day, the 8 a.m. read­
ing is 52°F, the value at which the thermometer is 
reset. Suppose a warming trend sets in and that 
the minimum the next night is 64°F. The 
thermometer will indicate 52°, an error of 12°F, 
which will lower the calculated mean temperature 
for the day by 6°, giving a growing-degree-unit 
value 6 units low. A similar bias can occur for the 
m axim um  thermometer.  These types of 
thermometers show a slight downward bias for 
morning-read stations and a 1° to 2° upward bias 
on evening-read stations during the growing 
season (Newman, 1971). These errors may produce 
an overall error of about 5% for the growing season 
(Newman, 1971). Felch et al. (1972) found similar 
results in Iowa.
An error also is introduced because, during the 
summer, days are longer than nights, but the max­
imum and minimum temperatures have equal 
weight in the growing-degree-unit calculations 
(Newman, 1971). Use of 24 hourly temperatures to 
calculate the growing-degree units will remove this 
bias. At the first-order NOAA stations, the time of 
observation bias is removed because the readings 
are recorded for the calendar day, not at 8 a.m. or 6 
p.m. The data published in the National Weekly 
Weather and Crop Bulletin do not have a bias due 
to time of observation. They may, however, have a 
bias due to station location. A study in Iowa (Felch 
et al., 1972) indicated that the first-order stations 
accumulated about 100 more growing-degree units 
during the growing season than did cooperative
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stations. The stations used in this study are largely 
cooperative stations and, if first-order stations, 
they are those with little city effect on tem­
perature.
Procedure
The approach used for this presentation was to 
develop maps that would show regional trends, 
without necessarily showing all local variations 
within each state. A more detailed state analysis is 
necessary to show this variation. Participating 
states submitted the data for the analysis.
The equation used in this study has resulted 
from a series of developments from several re­
search studies. Magoon and Culpepper (1932) sug­
gested that different base temperatures should be 
considered. Madariaga and Knott (1951) were con­
cerned about the effect of high temperatures on let­
tuce development, and adjusted for this by calculat­
ing their growing-degree units based on the 
average temperature for the day, but set all max­
imum temperatures above 70°F at 70° before 
calculating their daily value. Lindsey and Newman 
(1956) used both the daily maximum and minimum 
temperatures and a linear growth curve designed 
to reflect the approximate duration of different 
temperature levels during the diurnal regime. 
Gilmore and Rogers (1958) suggested both lower 
and upper cutoff temperatures. They suggested it 
would be more accurate to consider all minimum 
temperatures below 50°F as 50°. This allows days 
with maximum values above the base, but with 
minimums below the base to accumulate growing- 
degree units. For example, a maximum of 62°F and 
a minimum of 38°F result in [(62 +  38)/2] — 50 
= 0 GDU if included as 38°, but [(62 + 50)/21 — 
50 = 6 GDU if included as 50°. High tem­
peratures tend to be associated with low humidity 
and moisture-stress conditions, and corn does not 
grow in proportion to the temperature under this 
condition. It is assumed that corn does grow in pro­
portion to the temperature, except under certain 
conditions, of which high temperature (stress con­
dition) is one. Gilmore and Rogers (1958) found 
86°F to be the optimum maximum-temperature 
value. The number of degrees by which the max­
imum temperature exceeded the optimum was sub­
tracted from the mean temperature, resulting in a 
linear decrease of units as maximum temperatures 
exceeded the cutoff value. This was further 
modified by Barger (1969) by assuming no change 
in the growing-degree units with maximum tem­
perature values above 86°F; i.e., all values above 
86°F were set at 86°F. Recently, Arnold (1975) has 
suggested using a 45°F:80°F combination, rather 
than a 50°F:86°F, as originally proposed. Although 
this seems to be an improvement in the system, the 
50°F:86°F combination was accepted because it is 
the one now in use in the National Weekly 
Weather and Crop Bulletin and was accepted by 
the corn-seed industry. This system is sometimes 
referred to as the "National Weather Service” 
method.
Growing-degree units were calculated between 
specific phenological events at each site instead of
between calendar dates, which vary across the re­
gion for a specific phenological state. For this 
study, the events used were the average date of 
planting and the average date when 50% of the 
crop was safe from frost in late summer and fall. 
This is one of the observations recorded for the 
Weekly Crop Bulletin and represents the best judg­
ment of the observer as to when yield would not be 
reduced if a killing freeze occurred. It normally oc­
curs at a date earlier than the average fall freeze 
date because the corn varieties grown are selected 
so that they will have normally reached maturity 
(maximum dry weight) before a killing frost has oc­
curred, otherwise immature (soft) corn would be a 
problem. The period from planting to safe from 
frost represents the period used in the life cycle of 
the corn plant to produce the grain. The period 
after this is used in grain drying. Growing-degree 
units accumulated to the average freeze date would 
overestimate the units required in the grain- 
producing life cycle of the corn plant. An examina­
tion of data from selected stations shows an 
average of 100, 90, 80, and 70 growing-degree units 
for the first, second, third, and fourth weeks, 
respectively, after the fall safe-from-frost dates.
To allow for some flexibility in the planting 
dates that might be used, five different dates were 
selected for the beginning date from which grow­
ing-degree units were calculated. These five dates 
were: 14 days before the average planting date, 7 
days before the average planting date, the average 
planting date, 7 days after the average planting 
date, and 14 days after the average planting date. 
Growing-degree units were calculated from each of 
these dates to the average date safe from a fall 
frost.
Whenever possible, information published by 
the Federal-State Crop Reporting Service of each 
state was used to provide the dates of occurrence of 
these events. Characteristically, these data were 
available for a recent 5-year period and generally 
were available by Crop Reporting Districts in each 
state. If these specific data were not available, 
other data from research and extension sources 
were used. Maps were plotted for the region to 
show the average date on which corn was planted 
and the average date on which it was safe from 
frost for different areas in each state, and isolines 
were drawn to show the regional pattern. These 
maps were then submitted to each state where 
agricultural experts examined the maps and sug­
gested changes to provide a smooth, regional pat­
tern, yet still represent the correct pattern within 
each state.
Data Presentation
The average date of corn planting is shown in 
fig. 1, and the average date safe from frost is in fig. 
2. The line that marks the northern limit for most 
corn grown for grain also is shown on fig. 1. The 
time interval from planting to safe from frost can 
be calculated from these maps. Data were used for 
the 1941-70 period in calculating growing-degree
797
units. The average values for each station for each 
time period are given in Appendix A. The maps 
showing the average values for the different time 
periods relative to planting and safe from frost are 
shown in figs. 3-7. The dashed lines drawn across 
Illinois and Indiana are estimates of the pattern 
across these states. The lines were developed from 
a figure presented by Newman and Blair (1969) 
with adjustments by Professor L. A. Schaal, State 
Climatologist, Agronomy Department, Purdue 
University.
The question arose as to how the data should be 
presented for each time interval for other than the 
50% probability value. Several choices are availa­
ble, including use of an array of the data for each 
station for each time interval, or the use of a dis­
tribution probability function. A test of a number 
of stations showed that the growing-degree units at 
a station over a period of years were normally dis­
tributed. Standard deviations of the growing- 
degree units were computed for each interval for 
all stations. Considerable variation in this value 
generally was found within each state. Stations 
that have had location changes may show a higher 
variability in the data, and stations at which an ob­
servation time change has been made during the
period of record also show higher variability (Felch 
et al., 1972). A typical plot of the standard devia­
tion of GDU’s is shown in fig. 8. The only definite 
pattern seems to be consistently lower values of the 
standard deviation in the area north of the corn- 
for-grain line. The standard deviation becomes 
smaller as the period becomes shorter. Because the 
objective of the study is to show regional trends, 
the decision was made to average all standard de­
viations south of the corn-for-grain line and all 
those north of this line and to use a common stan­
dard deviation for each of these areas for each time 
interval. This assumes that the difference in the 
standard deviation among stations is due primarily 
to station changes, time-of-observation variability, 
and other variations in the record and site. The 
variability might well be considered in state 
analyses. The average standard deviations for the 
different periods are given in table 1. These values 
can be used to compute the growing-degree units 
that have specified probabilities of being received. 
The values to be used in computing other 
probabilities are given in table 2. These values can 
be added to or subtracted from the station mean 
values given in the Appendix, if data are desired 
for the locations used in this study, or they can be
Table 1. Average, standard deviations of growing-degree units for different periods 
relative to average planting date and fall safe-from-frost date.
Plant - 14 Plant - 7 Plant Plant + 7 Plant + 14
Area days to safe days to safe to safe days to safe days to safe
Corn-for-grain 
area (A)
163.7 157.3 149.9 142.2 135.1
North of corn- 129.8 127.1 125.2 117.4 111.0
for-grain 
area (B)
Table 2. Number of GDUs to be added or subtracted from mean values to give the number 
of GDUs, or greater, that will be received with the given probability.
Plant - 14 Plant - 7 Plant Plant + 7 Plant + 14
days to safe days to safe to safe days tc• safe days tcl safe
Probability A B A B A B A B A B
90 -210 -166 -201 -163 -192 -160 -182 -150 -173 -142
80 -138 -109 -132 -107 -126 -105 -119 - 99 -113 - 93
75 -110 - 87 -105 - 85 -100 - 84 - 95 - 79 - 91 - 74
70 - 85 - 67 - 82 - 66 - 78 - 65 - 74 - 61 - 70 - 58
60 - 41 - 32 - 39 - 32 - 37 - 31 - 36 - 29 - 34 - 28
50 0 ' 0 0 0 0 0 0 0 0 0
40 + 41 + 32 + 39 + 32 + 37 + 31 + 36 + 29 + 34 + 28
30 + 85 + 67 + 82 + 66 + 78 + 65 + 74 + 61 + 70 + 58
25 +110 + 87 +105 + 85 +100 + 84 + 95 + 79 + 91 + 74
20 +138 +109 +132 +107 +126 +105 +119 + 99 +113 + 93
10 +210 +166 +201 +163 +192 +160 +182 +150 +173 +142
A = area where corn grown for grain;; see fig. 1
B = area north of where corn grown for grain
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added to or subtracted from values estimated from 
figs. 3-7 for any location, to produce data for dif­
ferent probability levels.
Example 1. Suppose that we want to know the 
number of growing-degree units that will occur 
with an 80% probability for corn planted at Ames, 
Iowa, on the average planting date.
From table 2, for the period "Plant to Safe,” col­
umn A, it can be determined that 126 units must 
be subtracted from the average value to give this 
probability. The average value, as determined from 
fig. 5, is about 2475. (Because this is one of the sta­
tions used in the study, the exact value of 2465 
could be obtained from the Appendix. Most loca­
tions would have to be estimated from the figures.)
Subtraction of 126 units from 2475 gives 2349 
GDU.
Example 2. If a 90% probability were desired 
for the same period and location as used in exam­
ple 1, the number of units would be 2475 — 192 
=  2283.
Example 3. If corn were planted 2 weeks later 
than the average date (planting + 14 days) at 
Ames, the 80% probability value would be 2280 — 
113 =  2167 GDU, a reduction of 182 GDU from 
the 80% probability value if planted on the average 
planting date. (Use planting + 1 4  days data from 
fig. 7 and adjust to 80% probability by using data 
from table 2.)
AVG. DATE CORN PLANTED
____NORTHERN LIMIT OF MOST
Fig. 1. Average date corn planted.
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AVG. DATE 50%  OF CORN SAFE FROM FRO ST
Fig. 2. Average date 50% of corn safe from frost in the fall.
PLANTING D A TE-14 DAYS TO SAFE FROM FROST DATE
Fig. 3. Average growing-degree units for period from 14 days before average planting date to average 
fall safe-from-frost date. Dashed line are estimated values.
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PLANTING DATE-7 DAYS TO SAFE FROM FROST DATE
Fig. 4. Average growing-degree units for period from 7 days before average planting date to average fall 
safe-from-frost date. Dashed lines are estimated values.
PLANTING DATE TO SAFE FROM FROST DATE
Fig. 5. Average growing-degree units for period from average planting date to average fall safe-from- 
frost date. Dashed lines are estimated values.
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Fig. 6. Average growing-degree units for period from 7 days after average planting date to average fall 
safe-from-frost date. Dashed lines are estimated values.
PLANTING DATE + 1 4  DAYS TO SAFE FROM FROST DATE
Fig. 7. Average growing-degree units for period from 14 days after average planting date to average fall 
safe-from-frost date. Dashed lines are estimated values.802
Fig. 8. Standard deviations of GDUs for the period from average planting date to average fall safe-from- 
frost date.
803
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Appendix A. Average growing-degree units and standard deviations for five different periods for 123 locations.
Plant - 14 days Plant - 7 days Plant to fall Plant + 7 days Plant + 14 days
to fall safe- to fall safe- safe-from- to fall safe- to fall safe-
from-frost date from-frost date frost date from-frost date from-frost date
Station X s X s X s X s X s
ILLINOIS
Monmouth 2819.0 154.4 2735.9 140.7 2651.5 131.2 2552.8 124.5 2444.0 122.0
Mt. Carrol 2643.6 145.9 2567.1 135.0 2492.2 133.1 2401.2 132.3 2301.4 129.6
IOWA
Ames 2608.3 141.7 2533.2 131.5 2465.0 124.4 2376.9 122.5 2280.1 124.5
Cedar Rapids 2626.6 145.4 2549.0 132.5 2474.7 124.1 2385.0 120.8 2284.7 121.3
Clarinda 2786.4 148.5 2698.3 137.4 2616.3 130.8 2516.5 127.6 2406.4 126.9
Corydon 2771.7 187.2 2689.0 175.0 2609.0 159.7 2511.1 152.1 2403.5 147.5
Denison 2586.1 160.3 2513.5 149.9 2443.8 139.3 2356.5 136.7 2260.4 137.8
Fairfield 2788.3 177.4 2705.3 163.2 2619.4 148.0 2519.9 141.8 2410.1 139.9
Fayette 2415.4 142.0 2346.9 132.4 2279.3 133.3 2196.0 131.4 2105.0 129.7
Mason City 2414.2 171.5 2348.7 168.4 2287.9 162.6 2208.5 158.8 2119.4 158.1
Rock Rapids 2514.8 162.7 2447.7 147.4 2377.0 139.5 2293.7 133.6 2198.9 132.2
Storm Lake 2451.6 180.7 2386.7 176.1 2324.0 173.4 2245.1 171.1 2147.8 160.5
KANSAS
Ashland 3215.4 126.4 3125.4 123.9 3034.8 118.3 2932.1 109.2 2821.2 102.7
Colby 2846.5 181.0 2783.0 170.8 2711.6 170.0 2632.5 166.5 2546.5 161.6
Elkhart 3244.9 137.6 3163.2 129.6 3078.5 119.4 2983.5 113.3 2883.7 107.5
Emporia 2976.5 154.3 2894.0 149.7 2805.5 140.2 2710.5 129.0 2604.8 118.9
Garden Ctiy 3124.4 164.8 3052.2 160.0 2976.6 154.9 2888.3 148.6 2794.4 140.5
Hays 2997.4 156.7 2921.9 149.1 2836.5 137.0 2743.2 128.7 2640.0 130.8
Horton 2957.4 152.2 2865.6 142.6 2773.5 131.0 2666.3 128.9 2548.7 127.8
Hutchinson 3039.0 150.1 2958.0 139.9 2866.2 134.3 2770.8 122.3 2659.8 114.9
Independence 3181.8 134.8 3115.5 130.2 3032.2 125.9 2934.9 119.7 2834.0 108.2
Iola 3165.9 149.5 3097.1 145.3 3004.8 143.2 2910.0 130.2 2803.4 119.0
Larned 3179.0 148.3 3094.1 138.5 2997.9 124.0 2893.1 112.2 2777.6 111.6
Manhattan 3123.9 162.1 3034.8 152.9 2938.1 141.6 2828.0 133.4 2710.1 132.8
McPherson 3173.9 158.2 3090,8 146.9 2996.1 138.1 2896.2 131.0 2781.8 129.2
Medicine Lodge 3185.1 112.4 3090.5 111.8 2999.3 117.9 2883.5 99.1 2775.7 79.8
Minneapolis 3179.9 157.5 3088.8 149.4 2991.5 136.1 2879.5 124.7 2759.7 123.4
Ottawa 3033.9 152.9 2949.7 148.5 2859.4 136.1 2759.1 122.6 2650.7 109.4
Phillipsburg 3087.2 195.1 3007.0 187.3 2919.3 173.9 2817.7 162.8 2709.5 159.4
St. Francis 2971.7 158.1 2900.3 151.6 2819.7 146.1 2732.7 142.9 2641.4 138.4
Tribune 2890.5 146.3 2820.2 14D.9 2747.8 139.1 2667.0 130.7 2577.8 127.0
Winfield 3212.1 144.1 3132.4 139.8 3035.6 142.5 2937.4 129.7 2826.6 118.3
MICHIGAN
East Lansing 2237.6 189.5 2181.2 171.7 2122.6 165.1 2052.5 147.0 1974.9 146.2
MINNESOTA
Bird Island 2405.3 172.2 2340.2 154.1 2271.1 148.3 2189.8 142.0 2097.5 144.0
Cloquet 1127.7 100.0 1057.5 90.7 978.7 92.8 889.6 92.0 796.6 84.0
Crookstown 1863.2 140.6 1786.Ö 139.9 1707.5 133.0 1612.8 122.7 1512.1 126.4
Grand Rapids 1387.3 111.0 1319.4 109.3 1234.9 104.2 1142.3 106.8 1048.1 99.1
Itasca 1345.5 111.8 1264.9 101.2 1175.4 100.8 1082.4 99.4 985.9 91.0
Minneapolis-St. Paul 2440.2 195.1 2383.8 185.9 2320.2 183.1 2243.0 175.4 2154.9 172.4
Morris 2125.0 143.2 2074.5 138.6 2009.9 133.3 1934.0 132.8 1851.5 128.1
Pine River Dam 1673.8 120.1 1601.5 118.6 1527.3 113.3 1434.0 106.9 1337.9 109.7
Waseca 2326.5 183.2 2263.2 173.1 2197.4 165.4 2118.9 159.1 2031.8 157.6
Worthington 2269.2 159.2 2212.6 147.5 2152.7 143.8 2079.0 134.2 1996.3 132.8
MISSOURI
Bethany 2900.9 156.3 2821.3 144.2 2733.7 133.6 2637.6 121.5 2530.0 120.3
Brunswick 3041.7 179.0 2956.6 167.4 2863.9 149.7 2770.6 132.3 2659.7 123.8
Caruthersville 3247.5 144.6 3172.4 138.0 3092.4 139.6 2986.9 134.8 2876.4 122.0
Chillicothe 2945.7 157.1 2864.8 143.7 2771.3 129.1 2681.0 114.6 2573.8 109.6
Columbia 3012.3 169.3 2931.5 165.1 2843.9 152.0 2752.4 141.5 2650.7 136.6
Harrisonville 3049.8 181.2 2966.8 178.0 2892.0 170.3 2781.0 146.5 2677.9 133.4
Kirksville 2823.8 157.3 2740.4 143.5 2655.2 133.9 2561.6 126.4 2455.6 127.3
Neosho 3115.6 129.2 3037.8 124.3 2959.2 121.1 2857.3 119.8 2753.4 109.8
Nevada 3174.7 159,1 3105.9 159.8 3012.0 158,1 2912.2 144.3 2805.6 139.2
Salem 2828.2 126.4 2774.6 128. û 2694.5 130.4 2607.5 120.6 2511.1 107.2
Sikèston 3168.1 145.0 3102.5 135.9 3030.4 129.8 2932.0 130.6 2820.5 116.2
Springfield 2932.7 161.2 2878.8 160.6 2807.1 156.1 2722.7 149.7 2632.2 137.7
St. Charles 3019.8 211.3 2930.4 196.2 2830.5 177.3 2732.5 164.1 2615.4 148.5
Steffenville 2897.0 156,4 2815.0 142.5 2725.1 132.3 2629.4 121.0 2521.0 119.1
Tarklo 2816.0 156.3 2726.1 144.2 2635.8 129.4 2530.9 127.2 2416.1 125.6
Unionville 2784.3 178.4 2709.2 165.6 2625.8 151.8 2536.7 139.0 2435.1 137.5
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Appendix A. Continued
Plant - 14 days Plant - 7 days Plant to fall Plant + 7 days Plant + 14 days
to fall safe- to fall safe- safe-from- to fall safe- to fall safe-
from-frost date from-frost date frost date from-frost date from-frost date
Station X s X s X s X s X s
NEBRASKA
Albion 2815.2 219.3 2744.4 206.3 2669.2 200.3 2575.7 185.4 2472.5 175.5
Alliance 2614.0 206.0 2564.2 200.0 2512.7 189.7 2445.4 185.7 2368.4 179.9
Atkinson 2677.2 208.4 2617.5 198.4 2540.4 191.5 2451.9 190.1 2349.9 188.0
Culbertson 2973.0 167.4 2900.1 162.8 2824.2 158.2 2733.5 153.8 2633.3 145.7
Fairbury 3119.4 201.2 3039.4 189.9 2959.0 179.1 2862.4 165.7 2751.0 157.0
Franklin 3064.2 177.4 2986.5 168.1 2907.7 161.6 2811.4 150.3 2703.8 141.5
Gothenburg 2862.4 156.6 2787.3 150.6 2710.4 149.0 2616.9 139.3 2514.6 133.4
Halsey 2685.4 180.4 2619.2 167.9 2545.5 160.5 2457.2 147.9 2359.4 141.2
Kimball 2605.9 181.7 2560.1 175.8 2503.9 169.9 2441.9 167.2 2370.0 155.4
Lincoln 3123.2 214.8 3043.4 207.8 2963.7 196.6 2864.5 186.8 2754.1 175.6
Pawnee City 3083.6 164.6 3001.1 154.2 2916.8 142.7 2819.6 137.8 2705.5 132.1
West Point 2956.6 226.4 2878.9 210.8 2799.5 206.4 2698.6 189.4 2585.8 178.5
NORTH DAKOTA
Bottineau 1575.5 139.6 1505.8 139.2 1435.0 128.6 1349.0 119.6 1255.8 118.0
Bowman 1842.0 135.8 1782.2 131.2 1709.7 131.8 1634.9 126.4 1551.5 115.7
Crosby 1581.2 140.2 1511.3 137.4 1434.6 125.7 1354.1 114.6 1262.7 107.8
Dickinson 1754.9 129.2 1697.5 125.2 1628.5 126.3 1556.6 122.0 1477.2 108.7
Edgeley 1924.6 124.2 1862.7 123.0 1791.8 127.0 1717.8 123.1 1627.7 108.9
Fessenden 1821.7 129.5 1751.6 124.6 1675.6 122.7 1587.4 110.5 1493.3 108.0
Grafton 1764.3 122.1 1684.7 123.3 1602.5 116.0 1507.7 112.6 1404.5 114.6
Jamestown 1981.9 129.3 1916.6 122.2 1836.9 122.7 1752.2 114.1 1656.1 106.2
Langdon 1548.3 125.1 1477.4 125.5 1405.1 116.5 1322.0 111.8 1230.8 109.7
Mandan 1890.8 130.0 1829.1 125.9 1757.0 128.3 1678.9 123.6 1589.8 113.2
Mayville 1981.6 133.2 1905.4 134.1 1824.8 129.5 1729.0 122.2 1627.6 123.6
McLeod 2173.1 134.8 2104.8 131.1 2027.6 128.2 1940.1 129.6 1841.8 115.1
Minot 1650.9 126.4 1580.3 126.4 1506.4 120.6 1422.7 110.0 1330.9 105.4
Napoleon 1903.8 141.3 1842.4 136.0 1766.0 136.3 1684.6 128.7 1594.0 116.9
Parshall 1737.9 142.1 1669.0 138.7 1593.0 134.5 1512.1 121.4 1426.2 114.9
Wahpeton 2247.7 145.5 2180.3 142.4 2099.9 137.0 2011.1 137.7 1910.2 123.0
Williston 1786.0 134.1 1719.8 132.6 1644.9 127.6 1563.3 116.2 1474.2 111.4
OHIO
Cadiz 2555.8 168.4 2487.3 158.6 2399.9 144.8 2306.2 135.8 2199.1 123.1
Columbus 2716.1 210.0 2636.9 202.0 2540.7 188.0 2441.6 172.3 2318.9 156.8
Greenville 2514.6 208.9 2460.1 197.8 2383.7 191.6 2299.8 172.9 2203.4 156.2
Hillsboro 2739.2 181.6 2649.4 168.8 2549.6 151.1 2441.8 145.1 2316.0 139.9
Hiram 2256.4 150.5 2189.7 144.0 2117.3 133.5 2032.4 132.8 1929.2 126.1
Ironton 3143.8 164.9 3047.1 153.2 2924.5 140.1 2796.0 128.8 2661.6 115.1
Kenton 2533.3 181.6 2479.0 167.1 2403.9 160.2 2321.0 142.2 2222.9 129.1
McConnelsville 2714.3 171.6 2638.3 163.2 2540.2 142.1 2437.5 134.3 2323.0 118.7
Napoleon 2702.8 180.2 2639.5 172.2 2557.8 163.6 2464.4 148.7 2349.1 143.8
Norwalk 2469.8 193.7 2401.9 183.8 2324.7 169.0 2232.1 154.7 2123.7 146.9
Wooster 2261.0 175.7 2204.5 170.4 2137.0 157.4 2062.6 150.7 1967.6 146.5
SOUTH DAKOTA
Aberdeen 2234.2 144.4 2176.2 142.8 2105.4 135.5 2022.3 136.5 1928.7 123.9
Academy 2558.5 173.9 2494.4 160.0 2414.6 154.8 2324.4 153.4 2223.8 144.3
Andover 2292.5 172.4 2229.5 164.5 2156.6 153.5 2070.0 154.6 1975.3 145.0
Brookings 2251.3 164.7 2194.7 160.5 2123.0 153.3 2040.2 149.5 1951.9 140.4
Camp Crook 2065.0 128.9 1999.4 126.1 1921.2 123.8 1840.2 117.3 1750.4 109.6
Centerville 2668.8 177.6 2595.9 167.8 2508.2 158.9 2410.3 157.5 2300.1 151.9
Cottonwood 2285.5 138.1 2205.8 136.0 2114.5 133.2 2018.1 120.6 1915.4 113.9
Dupree 2245.9 145.9 2174.6 138.9 2088.3 136.2 2013.0 128.4 1915.0 118.1
Eureka 2128.0 144.2 2062.1 137.9 1986.5 134.0 1905.3 129.7 1812.6 117.7
Faulkton 2264.9 159.3 2193.5 145.6 2109.8 139.4 2019.2 136.0 1918.7 120.4
Hilland 2293.6 178.6 2227.2 175.1 2151.7 172.6 2068.8 161.6 1976.5 148.3
Huron 2367.2 169.9 2295.3 162.9 2213.4 158.3 2122.1 151.7 2081.0 144.7
Lemmon 1937,0 162.2 1878.7 160.6 1808.8 157.0 1731.8 153.2 1649.2 147.6
MeIntosh 2123.7 141.7 2059.4 137.7 1981.3 138.2 1897.2 130.3 1803.9 116.1
Menno » 2593.7 152.6 2519.7 138.3 2434.2 135.9 2338.0 134.6 2232.0 124.5
Milbank 2394.9 147.6 2329.2 145.6 2251.5 138.2 2161.8 138.0 2061.7 126.8
Newell 2100.9 137.8 2038.1 132.1 1962.0 125.8 1884.2 115.4 1796.0 105.1
Oelrichs 2371.7 181.9 2305.7 175.2 2233.1 166.1 2149.9 161.1 2061.8 153.6
Philip 2375.8 151.0 2201.8 138.5 2112.7 134.9 2016.5 120.1 1912.9 114.2
Pierre 2424.4 168.6 2351.4 158.2 2268.0 152.4 2177.8 142.0 2074.3 129.5
Pine Ridge 2366.1 175.1 2293.2 165.6 2210.2 166.7 2118.9 158.3 2018.7 153.5
Sioux Falls 2449.3 178.2 2388.6 170.9 2310.1 164.1 2221.4 163.3 2121.7 154.2
Vale 2151.5 118.9 2080.7 113.6 1998.4 108.0 1911.9 98.5 1816.4 93.7
Vermillion 2701.0 178.9 2626.9 175.9 2536.3 170.6 2434.9 167.3 2320.3 157.6 
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Appendix A. Continued
Plant - 14 days Plant - 7 days Plant to fall Plant + 7 days Plant + 14 days
to fall safe- to fall safe- safe-from- to fall safe- to fall safe-
from-frost date from-frost date frost date from-frost date from-frost date
Station X s X s X s X s X s
WISCONSIN
Darlington
Viroqua
2336.7
2273.1
139.2
148.7
2276.4
2217.1
126.9
140.4
2201.1
2145.5
125.5
140.2
2115.0
2065.4
125.0
137.3
2018.7
1975.0
123.3
132.4
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